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[57] ABSTRACT

An area filling device includes an edge table memory
for storing an edge table having data related to the
edges, and an address table memory for storing edge
table address data for every Y coordinate value. An
operation circuit calculates data related to edges con-
sisting of a closed loop figure. An active-edge table
circuit forms first, second and third active-edge tables
for every Y coordinate value from the data related to
the edges stored in the edge table storing memory. The
first and second active-edge tables indicate bit data
having predetermined bits at X coordinate positions
where there are an edge which is not a horizontal edge,
and endpoints of a horizontal edge, respectively. The
third active-edge table indicates bit data having a prede-
termined bit at an X coordinate position where there is
an endpoint of an edge. A logic circuit inverts the pre-
determined bits defined in the first and second active-
edge tables. An OR gate calculates an OR operation on
the bit data from the logic circuit and the bit data re-
lated to the third active-edge table and supplied from

‘the active-edge table circuit. The operation results serve

as print data.

11 Claims, 13 Drawing Sheets
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1
AREA FILLING DEVICE

BACKGROUND OF THE INVENTION

The present invention generally relates to an area
filling device, and particularly to an area filling device
which receives coordinate data related to endpoints of
edges forming a closed loop figure and generates image
data for filling the internal area of the closed loop fig-
ure.

A method of filling the internal area of a polygon has
been. proposed in Y. Ohno, “Scan Conversion for a
polygon”, PIXEL, Jan. 1984, pp.136-141. The pro-
posed method fills the area with black pixel data as
follows.

5
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(1) Each edge of a polygon 1s referred to. If an edge

of concern is a horizontal edge, this 1s neglected. Alter-

natively, if the edge is not a horizontal edge, the lower

endpoint of the edge which has a Y coordinate value
smaller than that of the other edge thereof, is referred
to. Then, all the edges of the polygon of concern are
arranged in the increasing order of Y coordinate values
from the smallest one of the Y coordinate values.
Thereby, an edge table which indicates the arrangement
of edges is created. The procedure for arranging edges
1s based on bucket sorting.

Next, an active-edge table i1s created and revised by
repeatedly carrying out the following procedure from
‘the minimum Y coordinate value Ymin to the maximum
Y coordinate value Ymax.

1) If there is data related to an edge in the active-edge
table, it 1s determined whether the edge of concern has
been processed for predetermined times. When the re-
sult 1s affirmative, data related to this edge is deleted
from the active-edge table. On the other hand, when the
edge of concern has not yet been processed for the
predetermined times, X=X +(AX/AY) is calculated. If
data related to an edge for the present Y coordinate
value exists in the edge table, the data related to the
present edge is transferred to the active-edge table.

2) Data stored in the active-edge table are arranged in
the increasing order of X coordinate values from the
smallest one of the X coordinate values in accordance
with a quick sorting process.

3) Edges are extracted from the active-edge table for
every two edges, and data related to a line drawn be-
tween X coordinate values of the extracted edges is
generated.

However, the above-mentioned method is not suit-
able for filling the internal area of a polygon at high
speeds for the following reasons. First, the quick sorting
process used when creating the active-edge table is
complex and it takes a long time. Secondly, it i1s neces-
sary to change, on the basis of the state of connection of
neighboring edges, the calculation procedure for deter-
mining whether each edge registered in the active-edge
table has been processed for the predetermined times.
For example, it is necessary to refer to the previous
edge or the next edge or another edge with respect to
the present edge. Therefore, it takes a long time for the
calculation procedure selecting process.

SUMMARY OF THE INVENTION

It is therefore a general object of the present inven-
tion to provide an improved area filling device in which
the above-mentioned disadvantages are eliminated.

A more specific object of the present invention is to
provide a simple area filling device capable of generat-
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2

ing data for filling the internal area of a polygon at high
speeds. |

The above objects of the present invention can be
achieved by an area filling device comprising receiving
means for receiving X-Y coordinate data related to
endpoints of edges consisting of a closed loop figure
from an external device; edge table storing means for
storing an edge table having data related to the edges;
address table means for storing edge table address data
for every Y coordinate value; operation means, con-
nected to the receiving means, the edge table storing
means and address table means, for calculating the data
related to the edges from the endpoints supplied from
the receiving means and for writing calculated data into
a storage area of the edge table storing means indicated
by the edge table address data defined in the address
table means; active-edge table forming means, coupled
to the edge table storing means and the address table
means, for forming first, second and third active-edge
tables for every Y coordinate value from the data re-
lated to the edges stored in the edge table storing means,
the first active-edge table indicating bit data having a
predetermined bit at an X coordinate position where
there 1s an edge which is not a horizontal edge, the
second active-edge table indicating bit data having pre-
determined bitS at X coordinate positions where there
are endpoints of a horizontal edge, the third active-edge
table indicating bit data having a predetermined bit at
an X coordinate position where there is an endpoint of
an edge; logic means, coupled to the active-edge table

forming means, for inverting the bit data included in the

first active-edge table each time the predetermined bit
defined 1n the first active-edge table appears and for
inverting the bit data included in the second active-edge
table each time the predetermined bit defined in the
second active-edge table appears; and OR gate means,
coupled to the active-edge table forming means and the
logic means, for receiving the bit data related to the first
and second active-edge tables and supplied from the
logic means and the bit data related to the third active-
edge table and supplied from the active-edge table
forming means and for calculating an OR operation on
the received bit data, the results of the OR operation
obtained for every Y coordinate value forming print
data.

Other objects, features and advantages of the present
invention will become apparent from the following

detailed description when read in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 115 a block diagram of a preferred embodiment
of the present invention;

FIG. 2 i1s a circuit diagram of an operation circuit
used in the configuration of FIG. 1;

FIG. 3 1s a circuit diagram of an active-edge table
circuit used in the configuration of FIG. 1;

FIGS. 4A through 4C are a diagram of an active-
edge table for a non-horizontal edge of a figure
(LAET), an active-edge table for a horizontal edge
(HAET), and an active-edge table for an endpoint of an
edge;

FIGS. 5A through 5H are a timing chart illustrating
how to create print data from the active-edge tables
shown in FIG. 4; |
- FIG. 6 is a diagram of a figure which is to be pro-
cessed in the embodiment;
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FIG. 7 is a view illustrating an edge table obtained
when the figure of FIG. 6 is processed;

FIGS. 8A and 8B are views illustrating how to create
the edge table; o

FIGS. 9A and 9B are flowcharts of an operation of 5

the embodiment; |
FIGS. 10A through 10D are views illustrating how
to create the active-edge table.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A description is given of a preferred embodiment of
the present invention.

Referring to FIG. 1, there is shown an area filling
device of a preferred embodiment of the present inven-
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tion. A central processing unit (hereinafter simply re-

ferred to as a CPU) 1 controls an area filling procedure,
which will be described in detail later. The CPU 1 can
communicate with a host computer (not shown)
through a host interface circuit 5. For example, the host
computer supplies the area filling device with image

data. A read only memory (hereinafter simply referred

to as a ROM) 2 stores a program for defining the opera-
tion of the CPU 1. An edge table memory 3 is used for
creating an edge table (ET), and is formed by a random
access memory (hereinafter simply referred to as a
RAM), for example. An address table memory 4 is used
for storing an address table, in which a storage area or
table area is provided for each Y coordinate value.
An operation circuit 6 receives X coordinate values
X;and X;,1and Y coordinate values Y;and Y;,;(iis an

20
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arbitrary number) from the host computer under the

control of the CUP 1, and generates data S, Xs, Ys, H,
and delta— X. S indicates whether an edge of concern is
a horizontal edge. For example, when an edge of con-
cern is a horizontal edge, S=1. On the other hand,
when the edge is not a horizontal edge, S=0. Xs is the
X coordinate value which indicate a start point of an
edge of concern. The start point corresponds to one of
the two endpoints of the edge having a Y coordinate
value smalier than that of the other endpoint. For exam-
ple, when Y;<Y;+1, Xs=X;. H is the height defined as
Ye—Ys where Ye is the Y coordinate value of the end
point of the edge of concern, and Ys is the Y coordinate
value of the start point thereof. The data delta—X is a

35
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variation defined as AX/AY where A X=Xe—-Xs, and

AY=Ye —Ys. Xe is the X coordinate value of the end
point of an edge of concern, and Xs is the X coordinate
value of the start point thereof.

An active-edge table circuit (SAET) 7 is used for

sorting edges according to X coordinate values for

every Y coordinate value. For example, edges related to
a Y coordinate value are arranged in the increasing
order of X coordinates from the smallest one of the X
coordinate values. The active-edge table circuit 7 in-
cludes three active-edge tables, which consist of a first
active-edge table HAET for a honzontal edge, a second
active-edge table LAET for a non-horizontal edge, and
a third active-edge table PAET for an endpoint of an
edge. Each of the first, second and third active edges
has a storage capacity equal ton X 1 (bit) where n is the
number of pixels in the X direction. For example, a
printer (not shown) is connected to the active-edge
table circuit 7.

FIG. 2 1s a circuit diagram of the operation circuit 6.
As shown, the operation circuit 6 includes a comparator
8, subtracters 9, 10, a divider 11, logic circuits 12
through 17, and an inverter 18. The comparator 8 com-

30
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pares the Y coordinate values Y;and Y;; 1, and outputs
the comparison results Y;<Yi+1, Yi=Y;.), and Y.
> Y1 through signal lines 8a, 8b and 8i c, respectively.
The data S corresponds to the comparison result on the
signal line 85. The logic circuit 12 consists of two AND
gates and a single OR gate. The logic circuit 12 receives
the Y coordinate values Y;, Y;+1 and the comparison
results on the signal lines 8a and 8¢, and generates the Y
coordinate value of the end point Ye. Similarly, the
logic circuit 13 consists of two AND gates and a single
OR gate, and generates the Y coordinate value of the
start point Ys from the Y coordinate values Y;, Y;+1and
the comparison results on the signal lines 8z and 8c. The
subtracter 9 generates AY from the Y coordinate data
Ye and Ys supplied from the logic circuits 12 and 13,
respectively.

The logic circuit 14 consists of two AND gates and a
signal OR gate. The logic circuit 14 receives the X
coordinate values X;, X;.1 and the comparison results
on the signal lines 8a and 8¢, and generates the X coor-
dinate value of the end point Xe. Similarly, the logic
circutt 15 consists of two AND gates and a signal OR
gate, and generates the X coordinate value of the start
point Xs from the X coordinate values X;, X;1 1and the
comparison results on the signal lines 82 and 8c¢. The
subtracter 10 generates AX from the X coordinate data
Xe and Xs supplied from the logic circuits 14 and 185,
respectively. The divider 11 generates delta— X from
the AY and AX. ,

The inverter 18 inverts the comparison result on the
signal line 8. The inverted result from the inverter 18 is
supplied to thelogic circuits 16 and 17. The logic circuit
16 consists of two AND gates and a single OR gate. The
logic circuit 16 receives the X coordinate value X, the
result on the signal line 85, the X coordinate value Xs,
and the inverted result from the inverter 18, and gener-
ates the X coordinate value of the start point Xs. The
logic circuit 17 consists of two AND gates and a single
OR gate. The logic circuit 17 receives the X coordinate
value X;+1, the result on the signal line 85, the inverted
result from the inverter 18, and the data AY, and gener-
ates the height H.

The operation of the operation circuit 6 is summer-
1zed as follows.

For

Yi<Yis ), Ys5=Y;, Ye=Y, 1, Xs=X,;, Xe=X;,1.
For

Yi>Yir1, Ys=Yi11, Ye=Y,, Xs=X;11, Xe=X.

Then the subtracter 9 calculates AY (=Ye—-Ys), and
the subtracter 10 calculates AX (=Xe—Xs). The di-
vider 11 calculates delta-X (=AX/AY). When S=1,
Xs=X;and H=X;,1. When $=0, H=AY.

FIG.3 is a block diagram of the active-edge table
circutt 7. The active-edge table circuit 7 includes three
decoders 21, 22, and 23, which are related to a non-hori-
zontal edge LAET, a horizontal edge HAET, and an
endpoint of an edge, respectively. The decoder 21 is
provided, for each Y coordinate address, X coordinate
address data indicative of the presence of data related to
a non-horizontal edge of a polygon. The supplied ad-
dress data consists of address bits equal to n pixels in the
X direction, and is supplied to the decoder 21 for every
Y coordinate value. The decoder 21 outputs n bits of the
address data in parallel form. The n bits of the decoded -
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address are supplied to n related D-type flip-flops pro-
vided in a flip-flop circuit 24. When an address bit is 1,
this is inverted through related one of the flip-flops. The
output signals of the D-type flip-flops in paralle]l form
are converted into an n-bit serial data through a shift
register 27, which operates in synchronism with a clock
signal Ck shown in FIG. 5(A). The clock signal Ck 1s
generated by a clock generator (not shown). The serial
data from the shift register 27 passes through an AND
gate 33 and is supplied to a D-type flip-flop 29. The
AND gate 33 is supplied with the clock signal Ck.

FIG. 4(A) shows an output signal of the AND gate
33, which forms an active-edge table to be formed for
every Y coordinate value. As shown in FIG. 4A), a
binary value ‘1’ is given to an X address bit where data
related to a non-horizontal edge exists.

10

15

The output signal of the AND gate 33 is supplied to

a clock input terminal of the D-type flip-flop 29. The
Q-output terminal of the D-type flip-flop 29 is con-
nected to the input signal thereof. The Q-output signal
level of the D-type flip-flop 29 is alternatively changed
each time the output signal of the AND gate 33 1s sup-
plied thereto. The Q-terminal output signal is then sup-
plied to an OR gate 31, which is also supplied with the
output signal of the AND gate 33. The data stored 1n
the D-type flip- -flops provided in the flip-flop circuit 24
are transferred to the shift register 27 after data equal to
one line has been processed and before data related to
the next line is processed.

The decoder 22, a flip-flop circuit 25, a shift register
28, an AND gate 34 and a D-type flip-flop 30 are the
same as those for the above-mentioned configuration
related to the active-edge table LAET for a non-hori-
zontal edge. The decoder 22 is provided with, for every
Y coordinate value, X coordinate address data indica-
tive of the presence of data related to a horizontal edge.
The address data consists of n bits. The output signal of
the AND gate 34 forms an active-edge table HAET to
be formed for every Y coordinate value.

FIG. 4B) shows an active-edge table HAET for a
horizontal edge. The address data HAET includes bi-
nary values ‘1’ related to X coordinate values of the
start and end points of a horizontal line of concern.

A decoder 23 is supplied with X coordinate address
data indicative of an endpoint of an edge for every Y
coordinate value. The supplied address data includes an
address bit of 1 4t an X coordinate value where there 1s
an endpoint of an edge. The output signal of the de-
coder 23 passes through a storage element 26, and 1s

then supplied to the OR gate 31. The decoder 23 and the
storage element 26 are also used for putting the address

data PAET in phase with the address data LAET and
HAET. The storage element 26 can be formed by a

- RAM.

FI1G. 4C) 111ustrates the output signal of the storage
element 26, which forms an active-edge table PAET
indicative of the presence of an endpoint of an edge.
The active-edge table PAET is formed for every Y
coordinate value.

FIGS. 5(B), 5(C) and 5(D) are timing charts related
to the active-edge tables LAET, HAET and PAET
shown in FIGS. 4(A), 4B) and 4(C). In response to the
active-edge tables LAET and HAET, the D-type flip-
flops 29 and 30 output signals shown in FIGS. 5(E) and
S(F), respectwely Then an output signal shown in FIG.
5(G) is derived from the OR gate 31, and supplied to a
D-type flip-flop 32, which generates an output signal
shown in FIG. §(H).
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A description is given of an operation of the present
embodiment. It is now assumed that the internal area of
a closed loop figure shown in FIG. 6 is filled with black
pixel data. The illustrate figure consists of edges 11 to 1s.
The area filling procedure according to the present
embodiment commences to initialize an address table
AT formed in the address table memory 4 by writing
NULL in all the storage areas.

FIG. 7 schematically shows the contents of the ad-
dress table memory 4 (that is, an address table AT) and
the contents of the edge table memory 3. The illustrated
contents correspond to the results of creation of the
edge table in the following edge table creating proce-
dure. In the illustrated address table has storage areas
from Y=1to Y=10. The edge table of a one-direction
list structure in which a pointer NEXT is used which is

provided for each of the groups of data (each edge table

or edge). An address of the next data group 1n the edge
table memory 3 is stored in the pointer NEXT of an
edge table of concern. Thereby, it becomes possible by
tracing the contents of the pointers NEXT to obtain
edges having the same Y coordinate value which are
linked from the address stored in the address table A'T.

After initializing the address table table AT, an inter-
nal register R (not shown) provided in the CPU 1 1s
initialized so as to indicate the start address of the edge
table memory 3 to be used. It is now assumed that the
internal register R is set equal to 0 as the start address.
The internal register R indicates the address of the edge
table memory 3. Then the creation of the edge table 1s
started.

The host computer (not shown) sends the CPU 1 the
following data as vector data:

X1, Y1, X3, Yy, X3, Y3, X4, Ya, X5, Ys, X1, Y3, EOP,
EOD

where EOP indicates the end of one closed loop figure,
and EOD indicates the end of data. In the case of FIG.

6, in actuality, the following coordinate values are sup-
plied to the CPU 1:

2,6,6,2,7,59,5,5,9, 2,6 EOP, EOD

Then, the CPU 1 extracts coordinate data for every two
consecutive pairs of data, such as [(X; Y;), (Xi+1,
Yiy )], and [(Xix1, Yig1), (Xix2, Yi4+2)) Atfirst, X, Y,
X;.1,and Y;, 1, are extracted and supplied to the opera-
tion circuit 6 under the control of the CPU 1. In the
present example, X1(=2), Yi(=6), X2(=6) and Y(=2)
are extracted and supplied to the operation circuit 6.
Then, the operation circuit shown in FIG. 2 calculates
data S, Sx, Ys, H and delta—X. When X1=2, Y =6,
X>=6, and Y;=2, the following data values are ob-
tained; S=0, Ys=2, Ye=6, Xs=6, Xe=2, H=Ye-
—Ys=4, and delta—X=—1.

Then, by using those data, the CPU 1 creates an edge
table formed in the edge table memory 3 associated with
the address table AT formed in the address table mem-
ory 4 as follows. First, the CPU 1 supplies the edge
table memory 3 with the address stored in the internal
register R of the CPU 1. Initially, the address 1s equal to
0, for example. Then, data S, Xs, H, delta-X and NEXT
are written into a storage areas related to address O, as
shown in FIG. 8A. Initially, NULL is written into the
storage area related to NEXT. The content of NEXT
(pointer) is address information on a storage area In

“which the next data is stored. NULL 1s an arbitrary
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address which is not actually used. Then the current
address of the internal register R is written into a table
area of the address table AT related to the Y coordinate
value corresponding to the start point Ys. In the present
case, since Ys=2 and R=0, 0 1s written into the table
area related to a Y coordinate value of 2.

Thereafter, an address value corresponding to a stor-
age area of the edge table memory 3 necessary to store
data S, Xs, H, delta—X and NEXT is added to the
current address value in the internal register R. Thereby
the internal register R becomes indicative of the next
storage area in the edge table memory 3. It is now as-
sumed that the next storage area is indicated by a value
of 1.

Next, the CPU 1 extracts and processes X3, Y2, X3

10

13

and Y3 in the same manner as the aforementioned man- -

ner. Since X2=6, Y;=2, X3=7, and Y3=35, the opera-
tion circuit 6 outputs S=0, Ys=2, Xs=6, H=3, and
delta— X =0.33. The internal register R indicates a stor-
age area used for storing those data. Then, the above-
mentioned data are written into the storage area, as
shown in FIG. 8B. The pointer NEXT i1s provided with
address data related to the Y coordinate of the start
point Ys. In the present case, 0 has been written into the
table area related to Ys (=2), as shown in FIG. 8A.
Therefore, O is written into the storage area related to
the pointer NEXT. Then, the table area related to the
start point Ys 1s provided with the present address value
of the internal register R. In the present case, the inter-
nal register R indicates a value of 1, and thus the table
area related to Ys (=2) is provided with a value of 1. In
the above-mentioned manner, the address edge table
shown in FIG. 8B is created.
- The above-mentioned procedure is repeatedly car-
ried out until the end-of-path EOP appears. In the afore-
mentioned data sequence, in case coordinate data exist
after the end-of-path EOP, the contents of the edge

table, the address table, and the internal register R are

held as they are, and a procedure identical to the afore-
mentioned procedure is carried out from the coordinate
data after the end-of-path EOP.

In this manner, the edge table shown in FIG. 7 is
created. After completing the creation of edge table,
three active-edge tables LAET, HAET and PAET are
created for each of the Y coordinate values in accor-
dance with an algorithm shown in FIGS. 9A and 9B.

A description 1s given of a procedure for generating
data used for filling the internal area of the figure shown
in FIG. 6 from the edge table shown in FIG. 7 in accor-
dance to the algorithm shown in FIGS. 9A and 9B. 1t is
noted that those data are provided by forming the afore-
mentioned active-edge tables LAET, HAET and
PAET. In the following procedure, four registers WW,
NA, WA and BB provided in the CUP 1 are used as
working registers.

The procedure commences to initialize the registers
WW and NA to write NULL therein (step A-1). Next,
the CPU 1 changes Y coordinate values from Ymin to
Ymax one by one (step A-2). In the present example,
Ymin=0 and Ymax=10. Then the address data HAET,
PAET and LAET are initialized so that all the address
data are set equal to O (step A-3). Then, a Y coordinate
value of the address table formed in the address table
memory 3 is written into the register WA (step A-4).
The Y coordinate value is sequentially selected from the
smallest Y coordinate value. Now, Y=0, and the ad-
dress related to Y=0 is NULL, as shown in FIG. 7.
Therefore, NULL is written into the register WA.
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Then, the register BB 1s initialized by writing NULL
therein (step A-5). Thereafter, it is determined whether
the register WA has NULL (step A-6). In the present
case, the result in step A-61s YES. Therefore, the proce-
dure proceeds to step A-21 shown in FIG. 9B. In step
A-21, the CPU 1 determines whether NA=NULL. In
the present case, the result in step A-211s YES. There-
fore, the procedure proceeds to step A-33. In step A-33,
the CPU 1 writes the value stored in the register WW
into the register NA. Then, print data is supplied to the
printer (not shown) through the active-edge table 7
shown in FIG. 1 (step A-34). It i1s noted that when Y
=0, no black pixel is included in the print data.

After that, the Y coordinate value is incremented by
+ 1 (step A-2), and the procedure from step A-3 1s car-
ried out in the same manner. It can be seen from FIG. 6
and FIG. 7, no image is formed by the print data related
to Y=1.

Then, the Y coordinate value 1s incremented by +1
(step A-2), and 1s made equal to 2. Then the procedure
from step A-3 is performed. At this time, the registers
WW, NA, WA and BB are still held in the initialized
state (NULL). The procedure in step A-3 is performed,
and an address value of 1 related to the table area for
Y =2, is written into the register WA (step A-4). Then,
NULL is written into the register BB (step A-5). Then
it is determined whether the value in the register WA is
NULL (step A-6). In the present case, the result is NO.
Therefore, the value in the register WA is written into
the register WW (step A-7). In the present case, a value
of 1 1s written Into the register WW., Then, the CPU 1
extracts data S, Xs, H, delta—X and NEXT related to
the address indicated by the register WA (step A-8).
For WA=1, S=0, Xs=6, H=3, delta—X=0.33 and
NEXT =0. The extracted data in this step is related to a
line having a Y coordinate value of 2 as the start point
(ine 1 in the present case). Then, it is determined
whether the present edge is a horizontal edge by refer-
ring to data S (step A-9). In the present case, S=0 and
therefore the edge is not horizontal edge. Thus, the
procedure proceeds to step A-12, where it is determined
whether H=0. It 1s noted that step A-12 is executed
only when an edge in which the current Y coordinate
value is the start point is processed. Therefore, when
H=0, the edge of concern is absolutely a horizontal
edge. As a result, steps A-12, A-13 and A-14 may be
omitted. |

Now, H=3 and thus the result in step A-12 is NO.
Therefore, the procedure proceeds to step A-15, where
the value in the register WA is written into the register
BB. In the present case, a value of 1 1s written into the
register BB. Then a value of 1 is written into a bit in the
active-edge table PAET for endpoints which is related
to Xs=6 (step A-16). Then the following is calculated
(step A-17): Xs=Xs+delta—X, and H=H—-1. Now,
Xs=6+0.33 =6.33, and H=3 —1=2. Then the con-
tents of the data Xs and H related to the edge indicated
by the value in the register WA are replaced with the
values obtained in step A-17. Thereafter, the value of
the pointer NEXT (=0 in the present case) 1s inserted
into the register WA (step A-19). Then, it is discerned
whether the value of the register WA is NULL (step
A-31). In the present case, WANULL, and thus the
procedure returns to step A-8. Thereafter, steps A-1§
through A-20 are carried out. As a result, the contents
of the edge table memory 3 are changed as shown in
FIG. 10A. The value of the register BB becomes zero
by the execution of step A-20.
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At this time, NAs=NULL in step A-21 and therefore
the procedure proceeds to step A-33, where the current
value (1 in the present case) is written into the register
NA. Then step A-34 is executed. In the present case, a
value of 1 is defined for an X coordinate value equal to
6 in the active-edge table PAET. Therefore, the print
Iine related to Y=2 has a black pixel related to only
X=6. |

Next, the Y coordinate value is incremented by 1, so
that Y is set equal to 3 (step A-2). Then step A-3 is
executed. At this time, BB=1, NA=1, WA =0 and
WW=1. Then the register WA is set to NULL (step
A-S), and the register BB is set to NULL {(step A-6).
Since WA =NULL in step A-6, the procedure proceeds
to step A-21. Since NA#NULL in step A-21, the value

of the register NA (=1 in the present case) is written

into the register WA (step A-22). Then at step A-23,
data indicated by the value of the register WA (=1, in
the present case), are extracted from the edge table
memory 3 shown in FIG. 10A. The extracted data are
S$=0, Xs=6.33, H =2, delta— X =0.33, and NEXT=0.
It is noted that the data extracted at step A-23 are re-
lated to an edge which does not have the present Y
coordinate value (=3 in the present case) as the start
point. Then it is discerned whether H=0 (step A-24).
Since H=40 in the present case, the procedure proceeds
to step A-28, where the bit related to Xs in the active-
edge table LAET related to a non-horizontal edge
(Xs=INT(6.33)=6) 1s inverted. INT(t) means an inte-
ger of t. Then, Xs=Xs+delta—X and H=H-1 are
calculated (step A-29). In the present case,
Xs=Xs+delta—X=46.33 +0.33=6.66, and
H=2—1=1. Then, Xs and H related to the address
indicated by the register WA (an address 1 in the pres-
ent case) are provided with the values calculated at step

A-29 (step A-30). Then, the value of the pointer NEXT

(=0 1n the present case) is inserted into the register WA
(step A-27). Subsequently, it is determined whether
WA =NULL (step A-31). Since WAANULL in the
present case, the procedure proceeds to step A-23.
Thereafter, steps A-24, A-28, A-29 and A-30 are exe-
cuted. As a result, bits related to X=6 and 5 are set
equal to 1. Thereby, the contents of the edge table mem-
ory 3 are changed as shown in FIG. 10B.

Thereafter, the value of NEXT is inserted into the
register WA (step A-27). In the present case, NEX-
T=NULL. Then it i1s determined whether WA
=NULL (step A-31). In the present case, WA =-
NULL, and therefore the procedure proceeds to step
A-32, in which the content of the pointer NEX'T related
to the address indicated by the register BB is replaced
with the content of the register NA. The address indi-
cated by the register BB indicates data related to an
edge which has the current Y coordinate value as the
start point and which has not been deleted and has last
been processed. Now, the register BB has NULL, and
step A-32 is not executed. Then, the print data is output
at step A-34. The active-edge table LAET for a non-
horizontal edge has bits related to X =6, 5. Therefore,
the line for Y =3 has black pixels at X coordinate values
of 5 and 6. Lines from Y =4 are processed in the same
manner. Thereby, area filling data can be formed. In
step A-9, if an edge of concern is a horizontal edge, the
procedure proceeds to step A-10, where bits related to
data Xs and H in the active-edge table HAET related to
a horizontal edge are inverted. Then, data related to this
edge is deleted from the edge table.
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It is noted that an edge which has been completely
processed is deleted from the edge table memory 3. This

can be done by copying the data of the pointer NEXT

related to an edge to be deleted to the pointer which

indicates the edge to be deleted. FIG. 10C illustrates an
example of this procedure. The table area at Y =2 indi-
cates an address of 3 (edge 14), the pointer NEXT of
which indicates an address of 2 (edge 13). The pointer
NEXT related to the edge 13 indicates an address of 1
(edge 1,), the pointer NEXT of which indicates an
address of 0 (edge 1;). If data related to the line 131s to
be deleted, the value of the pointer NEXT related to the
edge 13 to be deleted is written into the pointer NEXT
related to the edge 14 which indicates the edge (13) to be
deleted. That is, the value of the pointer NEX'T related
to the edge 41s changed from 2 to 1. Thereby, the edge
13 1s deleted from the edge table memory 3.

The process in step A-32 is done by setting the
pointer NEXT related to an edge which has the current
Y coordinate value as the starting point and which has
not yet been deleted and has last been processed, to an
address of the edge table related to an edge which does
not have the current Y coordinate value and which has
not yet been deleted and has last been processed.
Thereby, data related to the edge which does not have
the current Y coordinate value as the start point and has
not yet been deleted, is chained to the edge which has
the current Y coordinate value as the start point and has
not yet been deleted.

It i1s now assumed that when Y =3, step A-32 is exe-
cuted. At this time, the register BB indicates an address
related to data of an edge which has a Y coordinate
value of 5 as the start point and which has has not yet
been deleted and has last been processed. The register
NA indicates an address related to data of an edge
which does not have a Y coordinate value of § as the
start point and which has not yet been deleted and has
last been processed. By inserting the value of the regis-
ter NA into the pointer NEXT indicated by the register
BB, data which does not have a Y coordinate value of
5 as the start point is joined. After that, the register NA
is provided with the value (=35) stored in the table area
of the address table AT correspondingto Y =5. Then Y
is set equal to 6, and the register NA indicates an ad-
dress related to data which does not have a Y coordi-
nate value of 6 as the start point and which has not yet
been deleted and is to be first processed.

The present invention is not limited to the above-
mentioned embodiment, and variations and modifica-
tions may be made without departing from the scope of
the present invention.

What 1s claimed is:

1. An area filling device comprising:

receiving means for receiving X-Y coordinate data

related to endpoints of edges consisting of a closed
loop figure from an external device;

edge table storing means for storing an edge table

having data related to said edges;

address table means for storing edge table address

data for every Y coordinate value;

operation means, connected to said receiving means,

sald edge table storing means and address table
- means, for calculating said data related to said
edges from said endpoints supplied from said re-
ceiving means and for writing calculated data into
a storage area of said edge table storing means

indicated by said edge table address data defined in
said address table means;
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active-edge table forming means, coupled to said
edge table storing means and said address table
means, for forming first, second and third active-
edge tables for every Y coordinate value from said
data related to the edges stored in said edge table
storing means, said first active-edge table indicat-
ing bit value data having a predetermined bit at an
X coordinate position where there i1s an edge which
is not a horizontal edge, said second active-edge

table indicating bit value data having a predeter-

mined bit at X coordinate positions where there are
endpoints of a honzontal edge, said third active-
edge table indicating bit value data having a prede-
termined bit at an X coordinate position where
there is an endpoint of an edge;
logic means, coupled to said active-edge table form-
ing means, for inverting said bit data included in
- said first active-edge table each time said predeter-
mined bit defined in said first active-edge table
~ appears and for inverting said bit data included in
said second active-edge table each time said prede-
termined bit defined in said second active-edge
table appears; and

OR gate means, coupled to said active-edge table

forming means and said logic means, for receiving
said bit data related to said first and second active-
edge tables and supplied from said logic means and
said bit data related to said third active-edge table
and supplied from said active-edge table forming
means and for calculating an OR operation on said
received bit data, |
the results of the OR operation obtained for every Y
coordinate value forming print data.
2. An area filling device as claimed in claim 1,
wherein said operation means comprises:
comparator means for comparing Y coordinate val-
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ues related to two endpoints of each of said edges

and outputting the result serving as first data indi-
cating whether said edge 1s a horizontal edge;

first logic means for receiving X-Y coordinate data
related to said two endpoints of one of said edges,
generating therefrom second data indicating a start
address which corresponds to one of the X coordi-
nate values related to smaller one of the Y coordi-
nate values of said two endpoints;

second logic means for generating third data indicat-
ing a height of said edge in the Y coordinate direc-
tion from said X-Y coordinate data related to said

two endpoints; and

third means for generating fourth data indicating an
inclination of said edge from said X-Y coordinate
data related to said two endpoints,
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said first to fourth data forming said data to be stored
in said edge table formed in said edge table storing
means.

3. An area filling device as claimed in claim 1,
wherein said active-edge table forming means com-
prises first memory means for storing said first active-
edge table, second memory means for storing said sec-
ond active-edge table, and third memory means for
storing said third active-edge table, and wherein each of

said first, second and third memory means has a storage

capacity equal to one line in the direction of the X
coordinate.

4. An area filling device as claimed in claim 3,
wherein each of said first, second and third memory
means outputs said first, second and third active-edge
tables in serial form, respectively.

5. An area filling device as claimed in claim 3,
wherein each of said first and second memory means
includes flip-flops and a shift register coupled to said
flip-flops.

6. An area filling device as claimed in claim 8§,
wherein each of said first and second memory means
includes a plurality of flip-flops equal to said storage
capacity. o

7. An area filling device as claimed in claim 3,
wherein said third memory means includes a random
access memory. o

8. An area filling device as claimed in claim 1,
wherein:

said logic means includes a D-type flip-flop provided

for each of said first and second active-edge tables,
said D-type flip-flop has a clock terminal, an input
terminal and Q-and Q-output terminals,

said clock terminal 1s supplied with the bit data re-

lated to corresponding one of said first and second
active-edge tables,

said Q-output terminal is connected to said input’

terminal, and

said Q output terminal is coupled to said AND gate

means..

9. An area filling device as claimed in claim 1,
wherein said data stored in said edge table storing
means includes a pointer which indicates a storage area
in the edge table storing means where data related to
another edge positioned in the same Y coordinate value
1s stored, so that edges positioned in the same Y coordi-
nate value can be linked together.

10. An area filling device as claimed in claim 1,
wherein said predetermined bit value indicates a black
pixel. |

11. An area filling device as claimed in claim 1,
wherein said results of the OR operation are supplied to

a printer coupled to said area filling device.
* * % » S
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